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1 Effective Date 04/23/20 Professional Engineer’s Stamp
2. Does this TEV involve a

Safety SSC? No

N/A

3. Safety SSC Determination

Document ID N/A
4. SSCID N/A
5. Project No. -—--
6. Engineering Job (EJ) No. N/A
7. Building 765
8. Site Area MFC
9. Objective / Purpose

The purpose of this technical evaluation is to provide the isotopic characteristics of the High
Assay Low Enriched Uranium (HALEU) product recovered during the used nuclear fuel treatment
operations occurring at Idaho National Laboratory

10. If revision, please state the reason and list sections and/or page being affected.

Modified Appendices B and C to reflect the results of the nine driver reguli analyzed to date in
place of six selected FCF U-5Fs ingots.

11. Conclusion / Recommendations

Provide enough information to perform an isotopic characterization of HALEU produced at Idaho
National Laboratory:

e The analytical results of driver reguli samples provide enough information of the measured
nuclides.

e Isotopic distributions based on ORIGEN calculations coupled with the analytical results
provide the characterization for the non-measured nuclides.
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SCOPE AND BRIEF DESCRIPTION

To assess the feasibility of reusing High Assay Low Enriched Uranium (HALEU) recovered from the
treatment of irradiated EBR-II fuel, an environmental assessment requires an isotopic characterization
of the uranium product from the process deployed in the Fuel Conditioning Facility (FCF) at Idaho
National Laboratory (INL). A best-available characterization is derived through a combination of
measured values obtained through chemical and isotopic analysis and calculated values determined
via process modeling software and related programs.

ADDITIONAL INFORMATION

As part of past and ongoing operations, fuel elements irradiated in EBR-Il undergo processing via the
Electrometallurgical Treatment (EMT) system which resides in FCF. Under this process, the metallic
uranium used in the original construction of the element is separated from the bond sodium and most of
the fission products along with their associated minor actinides. The recovered uranium metal
undergoes successive heating steps to remove process media (electrorefiner salt) and is
simultaneously down blended through the addition of natural or depleted uranium to achieve a final 25U
enrichment of less than 20%. Using a specially designed “double-stack” crucible in a high temperature
furnace produced several ingots between 3 and 4 kg with some under 2 kg. Drill fines sent to the
Analytical Laboratory for analyses provided the measured concentrations of some isotopes of interest
(e.g., 24U, 25U, 26U, and 2%8U) which characterizes the recovered uranium metal in these reguli. This
approach for characterization has been conducted on seven reguli batches analyzed to date and is
anticipated to continue for the remaining EBR-II spent fuel identified for future treatment. While this
method provides an accurate assessment of the inventory based on the analyzed isotopes, complete
characterization necessitates the development of a method to determine the concentration of the non-
measured isotopes (e.g., 22U) as well. The data accumulated from this inventory provides the basis for
a bounding approximation that characterizes the HALEU material generated from this inventory.

ACRONYMS

AL Analytical Laboratory

EBR-II Experimental Breeder Reactor Il

FCF Fuel Conditioning Facility

HALEU High Assay Low Enriched Uranium (HALEU)
INL Idaho National Laboratory

MTG Mass Tracking System

ORIGEN Oak Ridge Isotope Generator
PADB Physics Analysis Database
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ASSUMPTIONS

The sample results include the measured uranium isotopes 234U, 2°U, 25U, and 2*8U.
The ORIGEN output and FCF process models provide the unmeasured uranium isotopes.
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Appendix A

Engineering Inputs

Table A-1 lists the AL log numbers used to generate the data tables in the appendices.

Table A-1. Analytical log numbers used for each Regulus batch

Batch AL Log number(s)
CPDCO003 | 103567, 103568, 103569
CPDCO004 | 103550, 103551, 103552
CPDCO005 | 103808, 103809
CPDCO006 | 103852, 103853, 103854
CPDCO007 | 103913, 103914, 103915
CPDCO008 | 104009, 104010, 104011
CPDCO009 | 104007, 104008

Because AL did not report the isotopes 22U, 233U, and 2%’U in the sample analyses, their concentrations

were estimated by multiplying the predicted uranium isotope distribution in the reguli by the ratio
[measured 238U / estimated 2%8U] as illustrated in Table A-2 for reguli batch CPDC009, the last batch to
date with AL sample results. The relative deviation is calculated from the two grey cells in each row.

Table A-2. Uranium Isotopic Distribution in Regulus from Batch CPDC009

Mass Mass Mass Final
Fraction Fraction Fraction Isotope
Nuclide Measured Estimated Final Relative Distribution

X gX/gSample | gX/ gRegulus Ratio gX/ gRegulus Deviation gX/gu
234y 1.700E-03 1.717E-03 1.700E-03 0.000E+00 1.700E-03
25 1.969E-01 1.975E-01 1.969E-01 0.000E+00 1.969E-01
=5y 5.300E-03 5.360E-03 5.300E-03 0.000E+00 5.301E-03
2381 7.960E-01 7.955E-01 7.960E-01 0.000E+00 7.961E-01
22y 3.154E-10 1.001E+00 3.156E-10 6.166E-04 3.157E-10
23y 8.281E-08 1.001E+00 8.286E-08 6.166E-04 8.288E-08
21y 2.856E-13 1.001E+00 2.858E-13 6.166E-04 2.859E-13

Appendix A
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Appendix B
HALEU Uranium Assay Seven Batches of U-5Fs Reguli
Standard
Analyte Units Average | Deviation | Minimum | Maximum
TotalU* | wt. % 99.572 0.980 98.043 100.371
Ay iso % U 0.169 0.009 0.158 0.179
eV iso % U 19.655 0.194 19.346 19.892
2z iso % U 0.518 0.016 0.493 0.538
2z iso % U | 79.658 0.209 79.390 79.983
z2y” ng/gu 0.287 0.172 0.150 0.641
=3y ng/gu 75.771 12.170 53.175 84.067
=y” pg/gu 0.316 0.056 0.236 0.386

* Actinide isotopes measured analytically

A Not in AL reports, so estimated using the method described in Appendix A

iso. % U = isotope wt.% of total uranium
ng / gU = g per billion grams of uranium
pg / gU = g per trillion grams of uranium

Appendix B



TEM-10300-1, Rev. 9
03/10/2020

TECHNICAL EVALUATION

TEV- 3537, Rev. 1
Page C1 of C1

Isotopic Characterization of HALEU from EBR-II Driver Fuel Processing

Appendix C

Measured Composition of Seven Batches of U-5Fs Reguli

The subsequent table contains the concentration of the non-uranium nuclides measured in the seven

reguli batches. See Appendix B for the concentration of uranium isotopes.

Standard Standard
Analyte Units Average Deviation | Minimum | Maximum Analyte | Units Average Deviation Minimum | Maximum
Zr ppm 79.47 26.05 45.30 110.00 Tc99 ppm 0.29 0.08 0.22 0.38
Si ND ND ND ND ND Cs135 ppm 0.03 0.03 0.01 0.07
Y ppm 28.31 22.67 3.91 80.80 Mn54 ND ND ND ND ND
Fe ppm 181.10 184.32 38.80 785.00 Co60 ND ND ND ND ND
Cr ppm 14.25 247 12.50 16.00 Nb95 ND ND ND ND ND
Ni ND ND ND ND ND 7r95 ND ND ND ND ND
Mo ND ND ND ND ND Rh106 ND ND ND ND ND
Mn ppm 42.84 24.79 7.28 94.30 Rul106 ND ND ND ND ND
Ru ND ND ND ND ND Sb125 ND ND ND ND ND
Cd ND ND ND ND ND Cs134 ND ND ND ND ND
Al ppm 74.25 24.44 46.60 103.00 Cs137 ppb 6.30 9.45 0.78 34.68
Tc ND ND ND ND ND Celds ND ND ND ND ND
Li ND ND ND ND ND Eul54 ND ND ND ND ND
K wt. % ND ND ND ND Eul55 ND ND ND ND ND
Na ND ND ND ND ND Am241 ppb 6.32 2.26 4.37 10.50
Ba ND ND ND ND ND Np237 ppm 16.32 441 5.20 21.34
Sr ND ND ND ND ND Pu239 ppm 81.52 39.42 8.63 128.00
Sro0 ppb 4.49 4.37 0.32 12.54 Pu240 ppm 2.30 1.11 0.33 3.61
Nd ND ND ND ND ND Total Pu NM NM NM NM NM
Sm ND ND ND ND ND

ppm = parts per million, by mass

ppb = parts per billion, by mass

ppt = parts per trillion, by mass

ND = Not detected or below the minimum detection limit

NM = Not measured; total Pu was not measured. Np237, Pu239, and Pu240 isotopes are shown as ppm of material mass.

Appendix C




